Clinical islet allotransplantation has become an increasingly efficient "routine" therapy in recent years. Shortage of human donor organs leads to porcine pancreatic islets as a potential source for islet xenotransplantation. Yet it is still very difficult to isolate sufficient numbers of intact porcine islets, particularly from young market pigs. In the following study islets were successfully isolated from retired breeders [4806 ± 720 islet equivalents per gram organ (IEQ/g); n = 25; 2-3 years old; RB] and also from young hybrid pigs [2868 ± 260 IEQ/g; n = 65; 4-6 months old; HY] using LiberasePI and a modified version of Ricordi's digestionfiltration technique. As expected, isolations from RB showed significantly better results (p < 0.002). A retrospective histological analysis of almost all donor pancreases showed that the majority of organs from RB (80%) contained mainly large islets (diameter >200 µm), in contrast to only 35% of all pancreases from HY. Remarkably, the islet size in situ, regardless whether detected in RB or HY, strongly determined the isolation result. A donor organ with predominantly large islets resulted in significantly higher numbers of IEQs compared with a donor organ with predominantly small islets [RB Large Islets : 5680 ± 3,318 IEQ/g (n = 20); RB Small Islets : 1353 ± 427 IEQ/g (n = 5); p < 0.02]. In addition, isolation results were strongly influenced by the quality of the LiberasePI batch, and therefore single batch testing is invariably required. Purification was performed using Ficoll or OptiPrep TM density gradient centrifugation manually or in the COBE cell processor. Although islet purity was highest when OptiPrep TM was used, final islet yields did not differ between the different purification methods. Our study demonstrates that islet size in situ is an extremely critical parameter for highly successful islet isolation; consequently, we are now performing a morphological screening of each donor organ prior to the isolation process. Under these conditions highly successful isolations can reliably be performed even from young market pigs.
INTRODUCTION
tation led to insulin independence and normal glucose metabolism in seven out of seven patients with type I Mortality and morbidity of diabetes are known to be diabetes using a new immunosuppressive regime (32) , the results of insufficient blood glucose control (1). Inand a subsequent report confirmed these impressive resulin therapy using injections of replacement insulin is sults (30) . But human islet allotransplantation is limited still not capable of achieving homeostatic control of blood due to the lack of donors. glucose and in preventing secondary complications of For many reasons the pig seems to be a potential diabetes (34). The major goal in the treatment of diabesource for pancreatic islet transplantation. For decades tes mellitus is to achieve normoglycemia and insulin inporcine insulin has been used in humans for treatment of dependence. The most logical approach to obtain this insulin-dependent diabetes mellitus. Pigs are bred worldgoal is the transplantation of pancreatic islets, and huwide for meat production and therefore ethical concerns man islet allotransplantation is an established therapeumay only be a minor problem compared with other spetic approach (5). A recent report by the Edmonton group cies. Major advantages in contrast to human donors are showed for the first time that allogeneic islet transplan-1) the possibility of selecting the donor regarding age, race (33, 36) , and particular feeding protocols (4), and 2) [Deutsche Landrasse × Piétrain]. GM were bred and kept for experimental purposes at the University of although xenosis and especially the risk of transmission of pathogens to the recipient are a major concern, pigs Wuerzburg. All other pigs were obtained from two local slaughterhouses. could be reared under SPF conditions because it has been shown that gnotobiotic pigs show very low rates Pancreas Harvest and Enzymatic Digestion-Filtration of microbiological contamination (10) . But despite sig-Pancreases were harvested from brain-dead pigs after nificant progress in porcine islet isolation during the last a warm ischemic time of approximately 20 min accordyears [i.e., the availability of the species-specific Libering to European standard. The splenic lobe of the glands ase for enzymatic disintegration of the pancreas (2), plus was dissected and subsequently shipped in ice-cold modifications of the digestion-filtration technique (12) HBSS with 25 mM HEPES buffer (Cell Concept, Geroriginally developed by Ricordi (29) , and evaluation of many) to the laboratory. Within 10-120 min of cold isdifferent purification methods (2,37)], it is still very difchemic time, surrounding fat, vessels, and lymph nodes ficult and often unreliable to isolate sufficient numbers were removed from the organ. Each organ was then of porcine islets of very good quality. Failure could be weighed; the organ weight ranged from 50 to 135 g. A explained by lack of knowledge of the islet morphology piece of pancreas from the proximal end of the body within the porcine pancreas, a varying quality of the colwas harvested for subsequent histomorphological analylagenase that was used for tissue disintegration (2,25), sis of the islets. Then the major pancreatic duct was canand the tendency of porcine islets to fragment during the nulated with an 18-23-gauge needle and the organs long process of enzymatic digestion (28) due to their were distended with UW solution (24°C) containing weak expression of extracellular matrix proteins in the 0.5-0.7 mg/ml LiberasePI (Roche Diagnostics, Gerpancreas and the lack of a surrounding "islet capsule" many) in batches #1 (84582830), #2 (84658520), and #3 (22) .
(85153020), respectively, and 1.1-1.4 mg/ml when Especially isolations from young market pigs, which batch #4 (85195820) was used. Pancreases were diare commonly used for islet isolation procedures due to gested using a modification of the half-automated digestheir unlimited availability, often ended in unforeseeably tion-filtration method (12) previously described by Riunsuccessful isolations. Until now so-called retired cordi (29) . Briefly, the distended organ was cut into breeders have been the preferred donors for porcine islet three pieces and placed into the digestion chamber conisolation, because they result in higher islet numbers taining a stainless steel mesh with a pore size of 630 µm after enzymatic digestion and are thus much more reliand two stainless steel marbles. The entire system was able source animals than young ones (11) . The present filled with UW solution passing a heating circuit to study describes the successful isolation and purification enable a stable temperature of 32-37°C during the diof porcine pancreatic islets not only from adult but also gestion process. Samples were taken and stained with from young market pigs over a time period of 15 dithizone (Sigma, Germany) (18) to monitor the degree months. Here we document for the first time that the of tissue dissociation. As soon as the first islet, free of success of the isolation procedure is closely related to a surrounding exocrine tissue, was detected in the biopspecific islet morphology within the donor pancreas sies, the isolation process was stopped by flushing the (i.e., islet size in situ). Besides this predominant and so system with ice-cold HBSS containing 25 mM HEPES far underestimated factor, the pig breed, the quality of buffer and 5% heat-inactivated fetal calf serum (JUK the pig-specific LiberasePI, and the type of density gra-Kraemer, Germany). The digest was collected in plastic dient also have a strong influence on the isolation result.
tubes, washed twice at 250 × g, and stored on ice. Non-MATERIALS AND METHODS digested residual tissue from the chamber was weighed.
Source Animals
Immunohistochemistry Females of three different pig breeds were used as Standard streptavidin-biotin immunohistochemistry source animals for isolating pancreatic islets of Langerwas performed as previously described in detail (22) . hans: young hybrid pigs (HY, 4-6 months old, 120-180
As primary antibody we used a polyclonal pig-specific kg body weight, n = 65), so-called retired breeders antibody against insulin (Fitzgerald; Natutec, Germany) (RB, 2-3 years old, 200-300 kg, n = 25), and Goetin a working solution of 1:600. As secondary antibody tingen minipigs (GM, 1-2 years old, 50 kg, n = 3). The a biotinylated "Multilink" (BioGenex, Germany) was young hybrid pigs were genetic mixtures of at least used. six pure-bred pig breeds and were bred entirely for Purification meat production. Seventy percent of the retired breeders were pure-bred Deutsche Landrasse; 30% were cross-Purification of the isolated islets within the digest was performed using two different density gradients in bred [Deutsche Landrasse × Deutsches Edelschwein] or three variants. 1) Continuous Ficoll density gradient pu-three different pig breeds [i.e., Goettingen Minipigs (GM), young hybrid pigs (HY), and so-called retired breeders rification in the COBE 2991 cell processor (COBE Inc., Colorado, USA) (Ficoll COBE) as previously described (RB)]. Donor pancreases had been harvested from braindead animals after a warm ischemia of ϳ20 min and a (19) . Briefly, Euro-Collins (Fresenius, Germany) and Ficoll (Sigma, Germany) were mixed with HEPES buffer cold ischemia of ϳ1-2 h. Figure 1 shows the results, indicated as IEQ/g organ, immediately after digestion and the pH was adjusted to 7.4. High-density solution (1.108 g/ml) and low-density solution (1.037 g/ml) were and before density gradient purification in chronological order. Of 96 isolations, only 3 were technical failures loaded into the COBE at room temperature, creating a continuous density gradient by centrifuging at 1200 rpm. and are not included in the figure. Quite unexpectedly, GM gave the poorest results with 112 ± 29 IEQ/g organ The digest-resuspended in UW solution-was loaded into the COBE and after centrifugation of another 5 min (n = 3), followed by HY (2868 ± 260; n = 65) and RB (4806 ± 720; n = 25). A comparison of 6-7-month-old at 2000 rpm the COBE was unloaded and 30-ml fractions were collected on ice. 2) Discontinuous OptiPrep TM HY and 2-3-year-old RB clearly shows that RB appear to be the better and more reliable islet donors (p < density gradient purification (Nycomed Pharma AS Diagnostics, Norway) was performed in plastic tubes 0.002). However, the figure indicates impressive isolation variations within the two major source animals, HY (OptiPrep Manual) as previously described by van der Burg and coworkers (37) . 3) Discontinuous OptiPrep TM and RB. On one hand, excellent isolation results with more than 10,000 IEQ/g organ were obtained from both density gradient purification was performed in the COBE cell processor (OptiPrep COBE). The digest was washed source animals; on the other hand, isolation results <1000 IEQ/g organ appeared in HY as well as in RB. at 200 × g, resuspended in 220 ml UW solution, mixed with 120 ml working solution (2× concentrated UW so-When islet isolations were graded according to insufficient (<1000 IEQ/g organ), sufficient (1000-4000), and lution and the same amount of OptiPrep TM at a density of 1.206 g/ml), and loaded into the COBE. During cen-very good (>4000) isolations, only 15% of all isolations from HY and 48% from RB resulted in very good IEQ trifuging at 1000 rpm, 96 ml of low-density solution (a mixture of working solution and UW solution with a numbers (Fig. 2 ). density of 1.206 g/ml) and 120 ml of UW solution were
Retrospective Analysis of the Morphology loaded into the COBE. After another 5 min of centrifuof the Donor Pancreas gation at 1000 rpm the COBE was unloaded. The first 50 ml was discarded; the remaining suspension was col-Findings showed repeated insufficient isolations from RB and unexpected very good isolations from young do-lected in fractions of 30 ml and stored on ice.
nors (see Fig. 1 ). Insufficient isolations due to technical Islet Quality and Purity reasons were excluded from this documentation. In or-Islet recovery was evaluated after both enzymatic dider to solve this problem, we performed a retrospective gestion and purification. Taking 100-µl samples of the histological analysis (immunohistochemistry) of most islet suspension in triplicate, islets were stained with HY (n = 40) and all RB (n = 25) donor organs by deterdithizone (see above) and counted under a stereomicromining and grading the islet size. The result is docuscope (Axiovert 25, Zeiss, Germany, magnification: 2.5×) mented in Table 1 . Whereas only 35% of the HY panwith a calibrated grid in the eyepiece. Counted islets creases contained well-shaped islets of Langerhans >200 were grouped into size categories and converted into isµm in diameter, 80% of the RB pancreases showed let equivalents (IEQ) (i.e., islets with an average diamelargely this type of islet ( Fig. 3A) . As expected, small ter of 150 µm). The isolation result was then indicated islets of 50-200 µm in diameter clearly dominated in as IEQ per gram of organ, categorized according to the HY (65% of the pancreases) compared with only 20% particular part of the donor organ that was completely of the RB pancreases ( Fig. 3B ). digested.
Of particular interest was whether the dominance of a particular islet size profile (50-200 vs. >200 µm) in Statistical Analysis the individual HY and RB pancreas could be related to Most data were expressed as mean ± SEM. Comparia distinct isolation result after enzymatic digestion. In son of data was carried out by the Student's t-test for the sequence of the isolation process islets had been inpaired or unpaired data as appropriate.
spected and counted under a microscope as IEQ/g organ.
RESULTS
The result given in Figure 4 clearly shows that the islet Isolation of Porcine Islets of Langerhans size profile, regardless whether detected within HY or From Different Pig Breeds RB organs, strongly determined the isolation result. In other words, a donor pancreas that contained predomi-With the half-automated isolation method, using the LiberasePI enzyme, islets were isolated from females of nantly small islets resulted in significantly less IEQ numbers compared with a donor pancreas that contained with large islets in the tissue sections were reevaluated after enzymatic digestion. Figure 5 shows that of the predominantly large islets [HY Small : 2060 ± 198 (n = 26) vs. HY Large : 3720 ± 954 (n = 14), p < 0.04; RB Small : total number of islets within the digest (100%), large islets (>200 µm) are in the minority in HY (17 ± 3%) as 1353 ± 427 (n = 5) vs. RB Large : 5680 ± 761 (n = 20), p < 0.02].
well as in RB (26 ± 4%) organs. After enzymatic digestion small islets (50-200 µm) clearly dominated in the Another question was whether the large islets, as they were identified histologically within the donor tis-digest of both sources (HY: 83 ± 3%; RB: 74 ± 4%; HY Small vs. HY Large : p < 0.0001; RB Small vs. RB Large : p < sue, would also dominate within the digest. For this purpose only those HY (n = 14) and RB (n = 20) organs 0.0001). Evaluation was by immunohistochemistry using a polyclonal pig-specific antibody against insulin. Only those donor organs were reevaluated that had been used for enzymatic digestion. Islets in each pancreas, respectively the related pancreatic tissue section, were graded into size categories of 50-200 µm (small islets) and >200 µm (large islets) in diameter.
Influence of the LiberasePI Batch on the and #4 (85195820) (HY n = 4; RB n = 5). Whereas 0.5-0.7 mg/ml LiberasePI was used to digest the porcine Isolation Result pancreatic tissue with batches #1, #2, and #3, 1.1-1.4 The 93 isolations were performed with four different batches of LiberasePI, and the question was whether mg/ml of #4 was required in order to perform a successful islet isolation. Therefore, the quality of batch #4 in the quality of the enzyme influences the number of IEQ within the digest. For this purpose only organs with comparison to the other three batches is questionable. In the above order, IEQ/g organ for HY and RB was: HY: large islets as analyzed by the immunohistochemical staining were reevaluated (see Table 1 ). Figure 6 shows 3124 ± 101, 2773 ± 709, 3617 ± 1044, and 5854 ± 3137; RB: 5657 ± 1499, 5996 ± 1647, 2888 ± 2051, and 5517 ± the individual results obtained with batches #1 (84582830) (HY n = 2; RB n = 5), #2 (84658520) (HY 1571. When the concentration of LiberasePI #4 in the isolation medium was doubled, HY pancreases released n = 2; RB n = 6), #3 (85153020) (HY n = 4; RB n = 2), almost twice the number of IEQ. Interestingly, this ap-variants: Ficoll and OptiPrep TM in the COBE cell processor (Ficoll COBE, OptiPrep COBE) and OptiPrep TM in proach had no beneficial effect on the release of islets from RB pancreases. Much poorer results were obtained plastic tubes that were conventionally centrifuged (Opti-Prep Manual). Purity was indicated as percentage of en-with #3 when RB were used as donors compared with #1, #2 and #4; however, these observations are not sig-docrine tissue in the cell suspension. Figure 7 compares the purification results obtained from HY and RB di-nificant.
gests. After Ficoll COBE, purity of islets from HY (n = Purification of Isolated Porcine Islets Using Two 28) was 62 ± 2%. However, significantly better purity Different Density Gradients was obtained with OptiPrep Manual (81 ± 5%, n = 6; p < 0.002) and OptiPrep COBE (86 ± 2%, n = 11; p < Purification of isolated islets after enzymatic diges-0.0001). Purification experiments with islets from RB tion was performed with two density gradients in three showed comparable overall results. Purity after Ficoll 28) led to insufficient purity; however, none of the runs using OptiPrep (OptiPrep Manual n = 6, OptiPrep COBE was 73 ± 9% (n = 5) and after OptiPrep Manual was 77 ± 9% (n = 5); the best results were obtained with COBE n = 11) showed this insufficient purification result. In contrast, the best results were obtained with OptiPrep COBE 83 ± 7% (n = 7).
In the context of reliability and practicability of the OptiPrep COBE, where 82% of all purification runs resulted in very good purity compared with the 67% for above density gradients, the range of the purification results may be an important aspect. To elucidate this point OptiPrep Manual. Using crude RB islets, the percentage of runs that resulted in insufficient purity was 20% for further, the above results were categorized as follows ( Fig. 8) : insufficient (0-50%), sufficient (51-75%), and Ficoll COBE (n = 5). As already seen for HY, again none of the runs using OptiPrep (OptiPrep Manual n = very good (75-100%) purity. The results obtained for HY show that 36% of all runs with Ficoll COBE (n = 5, OptiPrep COBE n = 7) resulted in insufficient purity. Very good purity at its greatest was obtained with Opti-ual (n = 6) resulted in 890 ± 203 IEQ/g organ (36,389 ± 8419 IEQ), corresponding to a yield of 36 ± 6%; after Prep Manual (80%) compared with OptiPrep COBE (71%) and Ficoll COBE (60%).
OptiPrep COBE (n = 11) results were 1336 ± 381 IEQ/g organ (73,535 ± 20,036 IEQ), corresponding to a yield Islet Yields After Density Gradient Purification of 47 ± 9%. Comparing the three methods, no significant difference concerning the yield after density gradient pu-After density gradient purification, islets were washed twice and counted under the microscope to evaluate the rification was found. Quite similar results were obtained with RB islets. Purification using Ficoll COBE (n = 5) final islet yield as IEQ/g organ. Figure 9 documents the results for HY and RB islets. After runs with Ficoll resulted in 1736 ± 716 IEQ/g organ (average total of 146,724 ± 62,557 IEQ), corresponding to a yield of 48 ± COBE (n = 28) the average yield for HY islets was 871 ± 132 IEQ/g organ (average total yield of 71,823 ± 10,644 26%. Using OptiPrep Manual (n = 5) purification results were 2217 ± 536 IEQ/g organ (125,954 ± 57,292 IEQ), IEQ). Compared with the IEQ/g organ in the digest, this is a yield of 36 ± 6%. Purification using OptiPrep Man-corresponding to a yield of 47 ± 8% and after OptiPrep Figure 9 . Islet yields after density gradient purification, separately documented for HY and RB, indicated as percentage of IEQ numbers within the crude digests. COBE (n = 7) 1475 ± 536 IEQ/g organ (106,214 ± 33,586 morphological status of the islets within the porcine pancreas. We favor genetic rather than nutritional fac-IEQ) were purified, corresponding to a yield of 46 ± 6%.
tors. The domestic pigs we used were bred and reared DISCUSSION for human nutrition and were fed on standardized commercial food. Their genetics give less insight into the Xenogeneic transplantation of adult porcine islets of Langerhans remains an attractive alternative to the daily problem as the HY were a mixture of at least four purebred pig breeds, whereas the RB were 70% pure-bred repeated insulin injections required to treat diabetic patients (9) , at least as long as other concepts [e.g., genetic
German Landrace and 30% cross-breeds of German Landrace × German Purebred (Edelschwein), or German modification of somatic into insulin-producing cells (35) , islet cells generated from embryonic (20) and adult Landrace × Piétrain. We are presently analyzing which one of the above pure breeds contains particularly large, (27) stem cells] are not yet available for clinical practice.
well-shaped islets in its pancreas. As a consequence of the above results we now regu-Experiences of many laboratories over the past 10 years show that isolation of adult porcine islets appears larly perform a prospective histological analysis of the donor pancreas prior to the isolation process. This re-to be particularly difficult (7, 8, 21, 24) , compared with the isolation of human (15), bovine (6), or rodent islets quires harvesting up to four organs and staining their frozen tissue sections with dithizone (17) . This step (23,31). Porcine islets are less compact and tend to fragment during the isolation procedure and during pro-takes about 20 min before starting the isolation process, but gives unquestionable results as to which organ longed periods of in vitro culture (28). The data presented here undoubtedly indicate that high numbers of should be used for isolation. With the aim of obtaining a successful isolation result by the end of the day, this intact, viable islets are more successfully isolated from the locally available domestic pig breeds if preferentially additional step has dramatically improved our performance, and at the same time it saves frustration, costs, adult donor animals are used. This confirms earlier reports for pig breeds that are elsewhere available in Eu-and time. In summary, the finding that we can now regularly isolate sufficient numbers of islets also from HY rope or overseas (11, 16, 33) . Adult Goettingen minipigs, however, which are commonly used for preclinical ex-(ϳ4000 IEQ) is new and should motivate other groups to proceed with the isolation of islets from young market perimentation, appear to be totally unsuitable for islet isolation, according to our findings. Widely unclear is pigs as long as retired breeders are not available. Consequently, the low percentage of very good isolations from what causes this effect. We suggest that the particularly high amount of fat within the pancreatic tissue of HY (15% >4000 IEQ; see Fig. 2 ) prior to the islet prescreening phase has now reached the values of very good this pig breed is counterproductive to successful isolation, an observation also known from human pancreatic isolations from RB (48%) (own unpublished results). Furthermore, the use of young source animals for islet tissue (3).
One surprising finding was that young hybrid pigs isolation will minimize the costs for breeding, rearing, and keeping such animals under SPF conditions in the (4-6 months old), which are widely thought to be unsuitable source animals (11, 16) , showed repeatedly ex-future-an important aspect when it comes to clinical transplantation. tremely good results, resembling those of the so-called retired breeders (2-3 years old). Our hypothesis was that
The majority of islets within the digest were 50-200 µm in diameter, the minority were >200 µm (see Fig. 4 ) the morphology of the islets within the donor pancreas might be responsible for this striking finding. The an-regardless whether HY or RB were used for islet isolation. Yet this contradicts the histological finding, in swer was given by the retrospective histological analysis of 65 of the 93 donor organs. Whereas the majority of which only donor organs with predominantly large islets were evaluated. We suggest that particularly large islets pancreases from RB (80%) showed mainly large, wellshaped islets with a diameter of >200 µm, this was only tend to fragment during the 30-40-min isolation procedure. Porcine islets appear to be very sensitive towards the case in 35% of all pancreases from young hybrid pigs (HY). On the basis of this retrospective histological the enzymatic and mechanical disintegration forces within the digestion chamber. At present we do not evaluation we found a clear relation between the islet size within the individual donor organ and the number know how to solve this problem technically. Interestingly, initial results indicate that fragmentation may not of IEQ/g organ within its digest, regardless whether young or adult pigs were the source animals. We con-be a major disadvantage in the context of islet function in vitro and in vivo (17) . clude that the most essential requirement for a successful porcine islet isolation is an organ that contains Another very critical factor in islet isolation that is also known from human islet isolation (14) is the vari-predominantly large, well-shaped islets of Langerhans. At present we do not know what causes the varying able enzymatic activity of the collagenase that is used.
The availability of a new enzyme blend, LiberasePI, context of reliability and practicability of the above density gradients. In this context OptiPrep TM showed a clear which is a mixture of purified enzymes formulated for the isolation of islets especially from the porcine pan-advantage in comparison with Ficoll using both HY and RB donor organs (Fig. 8) . Although there was no differ-creas, was very promising. In comparison to the collagenases that had been used so far, this enzyme blend ence comparing OptiPrep Manual and OptiPrep COBE, we favor the performance of OptiPrep TM in the COBE should not require lot selection, and the enzymatic activity should remain stable for a prolonged time. Neverthe-cell processor because it saves time, the handling is much easier, and sterility can be much better guaranteed less, our results showed a varying quality of the Liber-asePI using different batches of this enzyme blend. For (39). Islet yield after density gradient purification is still this analysis only isolations from donor organs with predominantly large islets were evaluated. The quality of an unsolved problem, although there are some reports (26, 37) , including our own observations, about an al-batch #4 compared with the other batches is questionable, because the concentration had to be doubled to ob-most complete islet recovery (yield of 100%). Neither of the two gradients showed an advantage in this con-tain sufficient isolation results. When using our regular concentration (the one that isolated perfectly with the text, which means that further investigative efforts are necessary. In regard to clinical trials, we need at least first three batches), with batch #4, the isolation process failed completely. Although LiberasePI is a great advan-three islet isolations to provide 1 million purified islets for a clinical transplantation. Particularly in the context tage for islet isolation when comparing this enzyme blend with the various types of collagenases that were of time and costs, this is still a very critical factor. We are convinced that continuous biotechnological develop-used previously (8, 21, 38) , there is, undoubtedly, a batchto-batch variability. This requires single batch testing ment of the isolation and purification steps may soon solve this problem. Among our last 10 isolations six had before using a new batch for islet isolation, a process that is time and cost intensive. In total we tested six >10,000 IEQ/g organ within the digest, five of which originated from the pancreas of young market pigs. batches of LiberasePI. Two of them gave very poor results and therefore were not used for the isolation exper-
